Summary: Porphyrinogens were determined in very fresh, diluted morning urine in two types of hepatic porphyria, using a simple and very quick spectrophotometric method. It was shown that acidification by itself is insufficient for the complete conversion of colourless porphyrinogens into porphyrins in photometric determination of porphyrins in diluted urine. A correlation was shown between percentual content of porphyrinogens and the sum of pentacarboxyporphyrin and coproporphyrin. A difference was found between the excretion of porphyrinogens in morning fresh urine in porphyria cutanea tarda (average porphyrinogen fraction 22.5%, SD 10.3% of total porphyrins) and in acute intermittent porphyria (average porphyrinogen fraction 77.1 %, SD 9.3% of total porphyrins). The method is at the same time suitable for the detection of urobilinoids in urine. Oxidation of the urine in acute intermittent porphyria is recommended before adsorption on talc and subsequent thin j layer chromatography, because porphyrinogens are not adsorbed on talc.
Introduction
Porphyrinogens are colourless, reduced porphyrins without the characteristicSoref absorptiori maximum. Protoporphyrin IX originates in the organism by the enzymatic oxidation of prptoporphyrinogen. The pther porphyrins originate by non-enzymatic oxidation of their corresponding porphyrinogens (l). Fischer (2) deseribed the ispla-"tion of coproporphyrinogen in the stpol of his patient Petry. Watson et al. (3) showed that 25-66% of coproporphyrin is present in the fresh urine of porphyric patients in the form of coproporphyrinogen. Holeiek (4) has ascertained that 97% of coproporphyrin is excreted in the form of coproporphyrinogen during lead poisoning. Sano &Rimington (5) have shown that coproporphyrinogen, and not coproporphyrin, is . excreted by the kidneys.
Earlier determinations of porphyrinogeris were based on extraction in various solvents, or on the different adsorption of pprphyrinogens and porphyrins on calcium phosphate (6) . It has been claimed that acidification of urine is sufficient for the quick conversion of porphyrinogens into porphyrins (7, 8) . Schwartz et al. (9) used iodine äs an oxidation agent; H 2 0 2 (10,11) and light are also used. Recently chloranil was used (12) for the oxidation of porphyrinogens into porphyrins for fluorometric determination of total porphyrins and porphyrinogens in diluted urine (l 3).
Very little attention has been given to studies on the • excretion of porphyrinogens in different types of porphyria (14) . Most of the published work is concerned with porphyrinogens from the point of view of the most complete determination of total porphyrins, 0340-076X/82/0020-0113S02.00
and not with the determination of porphyrinogens themselves. Our interest lay in the quantitative determination of porphyrinogens and its diagnostic importance and meaning.
Materials and Methods

Reagents
Oxidizing agent -l g of iodine, 2 g of KI, 300 ml of distilled water (Solutio Lugol). Preparation of porphyrinogens A mixture of porphyrinogens, uroporphyrinogen and coproporphyrinogen were prepared according to Falk (16) , the amount of porphyrins determined by oxidation with Lugol solution being 79-92% (mean 86.1%, SD 7.2%).
Preparation of stercobilin Stercobilin was isolated from stool according to Gray (17) . Its purity was controlled by mass spectrometry and qualitative reactions. The mass spectrum was prepared by Dr. Ubik from the Institute of Organic Chemistry and Biochemistry of the Czechoslovakian Academy of Science, using the MS-902.
Thin-layer chromatography and densitography of methyl esters of porphyrins Thin-layer chromatography of methyl esters of porphyrins was carried out according to Doss (18) and the fluorometric scans were obtained using a Vitatron TLD 100 densitometer.* Urine analysis procedure The urine was analyzed immediately after spontaneous miction. It was immediately bubbled through with CO 2 . First of all we determined the amount of total porphyrins in this urine without the use of an oxidizing agent: One ml of urine was diluted with 9 ml H2S04 (l mol/1) which had previously been bubbled through with CO 2 (all procedures in dim red light). Cuvettes of light path 1.0 to 5.0 cm were used and the absorption of the prepared sample was measured in a recording spectrophotometer (Specord UV VIS, Carl Zeiss Jena) from 350 to 800 nfn. The amount of porphyrins was determined by the addition of a Standard amount of porphyrins. We then oxidized the urine with iodine in a water solution of potassium iodide (Lugol solution): One ml of urine is fnixed with 8.75 ml of H 2 SO 4 (l mol/1) and 0.25 ml of Lugol solution. One minute later a few granules of cysteine hydrochloride are added. We determined the content of porphyrinogens from the difference of the concentration before and after oxidation ( fig. 1 ). We used H 2 SO 4 (l mol/1) because porphyrinogens are more stable in this acidification agent. One hundred fresh samples of urine from 20 porphyric patients were measured by this method. We used also chloranil T and H 2 0 2 äs the oxidation agents and obtained variable results. 
Results and Discussion
Differences in the content of porphyrinqgens frorri patients with porphyria cutanea tarda and patients with acute intermittent porphyria were investigated ( fig. l,  fig. 2 ).
The levels of porphyrins before oxidation in acute intermittent porphyria were in the ränge 92 nmol/1 to 918 nmol/1, and after oxidation the ränge was 386 nmol/1 to 6,429 nmol/1. The content of porphyrinogens was on 2: urine from non poiphyric cirrhotic patient after oxidation with Lugol solution using the described method (To l ml urine 8.75 ml of H 2 SO 4 -l mol/1 -and 0.25 ml of Lugol solution was added and then a small crystal of cysteine). 3: the same urine äs described after addition of 96 nmol/1 of stercobilin.
The levels of porphyrins before oxidation in porphyria cutanea tarda were from l ,028 to 11,062 nmol/1. After oxidation the ränge was 1,579 to 13,819 nmol/1. The average content of porphyrinogens was 22.5% (SD 10.3%) of total porphyrins. A separate paper will be dedicated to the excretion of porphyrinogens in different types of porphyrias.
A oorfelation is observed between the content of coproporphyrin, together with pentacarboxyporphyrin, and the percentual content of porphyrinogens in simultaneous densitometric and photometric determinations. From the presented correlations, it is evident that coproporphyrin and pentacarboxyporphyrin are excreted mostly like porphyrinogens ( fig. 4) . Similar correlations were found, even with the method of adsorption on talc. We showed that porphyrinogens are not adsorbed on talc and remain in the filtrate, where it is possible to show their presence after their oxidation into porphyrins. We identified these porphyrins äs copro-and pentacarboxyporphyrins by thin-layer chromatography ( fig. 5,  fig. 6 ).
From the presented Information it is evident that uroand heptacarboxyporphyrins are excreted in the oxidized form. In very ftesh urine, which we studied, the oxidation of uro-and heptacarboxyporphyrins must have average 77.1% (SD 9.3%) of total porphyrins. The finding of a second peak with a maximum 483-484 nm was usual after oxidation in this group ( fig. 1 ). Dipyrrylmethenes (absorption maximum 483 nm) and urobilinoids (495 nm, fig. 3 ) absorb close to one another in thisarea(19). occurred in the organism before the excretion of urine from the bladder. According toRimington (20) "the porphyrins, once formed, do not appear to be reducible in vivo, and, therefore, become external to the metabolic stream". In vivo oxidation of uroporphyrinogen III to biosynthetically inactive porphyrin may be the basic defect in porphyria cutanea tarda (12) . The mechanism and the exact place of oxidation is not clear. It would mean that uro-and heptacarboxyporphyrinogens are oxidized more easily in the body that copro-and pentacarboxyporphyrinogens, or that there is a different mechanism of oxidation. Our observation of oxidized porphyrins (uro-and heptacarboxyporphyrine type) in plasma and liver tissue in porphyria cutanea tarda patients is also in accordance with the above mentioned opinions.
It is essential to oxidize with Lugol solution before determination of porphyrins according to With (7), especially in acute intermittent porphyria. Acidification by itself is insufficient because oxidation in an acidic medium occurs slowly and incompletely (flg. 7). The spontaheous oxidation in Standing urine takes hours and is dependent on a number of different conditions (pH, light, other components in urine). Because porphyrino^g ens are not adsorbed on talc, methods which use adsorption on talc in acute intermittent porphyria äs the first step, can give inaccürate results. The josses of copro? and pentacarboxyporphyrins can sornethnes be äs high äs 30-40%. We therefore recommend in this case oxidation with Lugol solution before adsorption on talc. We consider the anälysis of very fresh urine to be important. The porphyrin content of samples taken at the same time of day can perhaps be helpful for the detailed anälysis of different types of porphyria.
